ABSTRACT Aims/Introduction: To evaluate the annual direct medical cost attributable to type 2 diabetes mellitus according to socioeconomic factors, medical conditions and complications categories. Materials and Methods: We created uniquely detailed data from merging datasets of the local diabetes management system and the social security system in Tongxiang, China. We calculated the type 2 diabetes mellitus-related total cost and out-of-pocket cost for inpatient admissions and outpatient visits, and compared the cost for patients with or without complications by different healthcare items. Results: A total of 16,675 patients were eligible for analysis. The type 2 diabetes mellitus-related cost accounted for 40.6% of the overall cost. The cost per patient was estimated to be a median of 1,067 Chinese Yuan, 7,114 Chinese Yuan and 969 Chinese Yuan for inpatient and outpatient cost, respectively. The median total cost for hospital-based care was 3.69-fold higher than that for primary care. The median cost of patients with complications was 3.46-fold higher than that of those without complications. The median cost for a patient with only macrovascular, only microvascular or both macrovascular and microvascular complications were 3.13-, 3.79-and 10.95-fold higher than that of patients without complications. Pharmaceutical expenditure accounted for 51.8 and 79.7% of the total cost for patients with or without complications, respectively. Conclusions: Although the type 2 diabetes mellitus-related cost per patient was relatively low, it accounted for a great proportion of the overall cost. Complications obviously aggravated the economic burden of type 2 diabetes mellitus. Proper management and the prevention of diabetes and its complications are urgently required to curtail the economic burden.
INTRODUCTION
Diabetes has become a critical public health issue in the 21st century 1 . A recent study estimated that among adults in China, the overall prevalence of diabetes was 10.9% 2 . Evidence from previous studies suggests that diabetes imposes a substantial economic burden on affected individuals, their families and communities, as well as on healthcare systems due to its growing prevalence and chronic nature [3] [4] [5] [6] . Furthermore, recent studies have consistently shown that patients with diabetes have an increased risk of complications 7, 8 that result in hospitalization, disability and premature death 9, 10 . According to the International Diabetes Federation Diabetes Atlas, global diabetes-related health expenditures were estimated to be at least $673 billion in 2015 11 . In China, the direct medical costs (DMC) of type 2 diabetes mellitus was estimated to be $2.27 billion in 2002 and $8.65 billion in 2008 12 . Unfortunately, the research on diabetes-related health expenditures in China remains limited.
The present study set out to estimate the DMC of type 2 diabetes mellitus among patients receiving antidiabetes treatment. We linked databases of diabetes management and health insurance in order to obtain a relatively large sample and a reliable estimation.
METHODS

Study area
The present cross-sectional study was carried out in Tongxiang, close to Shanghai and Hangzhou. The registered population was approximately 689,000, and the per capita disposable income was 44,725 and 27,357 Chinese Yuan (CNY; $1 6.5 CNY, £1 9.5 CNY, €1 7.0 CNY in 2015) for urban and rural residents in 2015, respectively 13 .
Data source
Data were acquired from two main sources: Tongxiang's diabetes management system and social security system. The diabetes management system was established for healthcare purposes. A community health center provides healthcare to patients diagnosed with type 2 diabetes mellitus who are permanent residents and willing to receive diabetes management. The diabetes management system documents patients' diabetes type, date of diagnosis and demographic information (e.g., sex, date of birth), as well as a unique identification number. The social security system covers approximately 95% of registered residents, and is maintained by the local Social Security Bureau. There were two basic medical insurance plans in 2015: Urban Resident Basic Medical Insurance (URBMI) and Urban Employee Basic Medical Insurance (UEBMI). The insurance claims data contain the total expenditures and out-of-pocket (OOP) expenditures associated with each inpatient visit, outpatient visit and purchase of medication. The medical claims also record insurance type, diagnosed diseases, treatment dates, the names of relevant hospitals and pharmacies, as well as medications, medical materials and laboratory tests.
The present study included individuals who met the World Health Organization criteria for type 2 diabetes mellitus 14 and were registered in the Tongxiang diabetes management system. Meanwhile, the participants had an insurance claim for diabetes and its complications as the primary diagnosis for each visit in 2015. We excluded individuals aged <35 years to avoid the possibility of including patients with type 1 diabetes. Patients with their insurance type changing in 2015 were also excluded. We constructed a distinctively detailed individual-level panel data sample by linking each of the individual datasets using the unique patient identification number in the system.
Definition of complications
Complications were classified into four categories: macrovascular complications (cardiovascular, cerebrovascular artery obstructive disease and foot ulcers), microvascular complications (various levels of nephropathy, retinopathy and peripheral neuropathy), macro-and microvascular complications, and others (diabetic ketoacidosis, hyperglycemic hyperosmolar status, lactic acidosis and hypoglycemia coma and unspecified complications). If a patient had at least one claim for a complication described above in 2015, he/she was grouped in the category 'patients with complications.' Otherwise, the patient was grouped in the 'no complications' category.
Definition of cost
Direct medical costs included the cost of diagnosis, treatment, laboratory testing, drugs (prescription or nonprescription), medical supplies, care provided by hospital and clinic, and so on. The overall DMC was the healthcare expenditures of type 2 diabetes mellitus patients for hospitalization, outpatient visits and self-medication, no matter what the primary diagnosis was for that particular visit or expenditure. The 'total cost' was defined as the DMC attributable to diabetes and its complications. The 'OOP cost' is the part of the DMC paid by patients themselves. 'Inpatient and outpatient cost' encompass the DMC of hospital stays and outpatient visits. The 'self-medication cost' is defined as non-prescription drug purchases made by the patient, such as at pharmacies outside of hospitals or clinics.
Statistical analysis
We reported percentages for categorical variables, and compared them with Pearson's v 2 -test. Ordinal variables were analyzed using the Cochran-Armitage test. We evaluated the average unit total and OOP cost according to inpatient admissions, outpatient visits and healthcare provider level. In addition, we compared costs by socioeconomic factors and medical conditions stratified by insurance type. Finally, we described the costs for patients with or without complications by different healthcare items. Because the resulting distribution of cost was skewed, the median and quartile are presented along with the mean and standard deviation. The Wilcoxon rank-sum test was used to compare the pattern of cost between two groups, whereas the Kruskal-Wallis test was used to compare three or more groups.
All statistical analyses were carried out using SAS analytical software (version 9.2; SAS institute Inc., Cary, North Carolina, USA). Statistical significance was established at a two-tailed Pvalue <0.05. This study was approved by the ethics committee of the Zhejiang provincial center for disease control and prevention.
RESULTS
General characteristics of the study population A total of 16,675 patients had an insurance claim due to type 2 diabetes mellitus and related complications in 2015 and were eligible for analysis. The mean -standard deviation age was 63.33 -11.26 years among the 7,136 male patients studied, and 62.84 -11.14 years among the 9,539 female patients studied (P = 0.005). As shown in Table 1 , 20.97% patients had UEBMI and 79.03% patients had URBMI. Compared with the study's female patients, a significantly greater proportion of male patients had UEBMI (P < 0.001) and, on average, had attained a higher level of education (P < 0.001). In addition, the proportion of farmers for the occupation among women was obviously higher than men (59.36 vs 46.69%). The registered prevalence of complications in the study population was 13.97% (95% confidence interval 13.41-14.55%). Macrovascular complications had the highest prevalence of 11.55%. Male patients had a significantly higher rate of complications than their female counterparts (14.98% vs 13.21%, v 2 = 10.66, P = 0.001).
DMC of diabetes for patients receiving treatment
The overall DMC in 2015 was 120.1 million CNY. The expenditure attributed to diabetes and its complications was 48.8 million CNY -that is, 40.6% of the overall DMC. Of the type 2 diabetes mellitus-related DMC, 19.6 million CNY (40.2%) was paid out of pocket. Among the type 2 diabetes mellitus-related DMC, 27.1 million CNY (55.5%) was spent for outpatient visits and 21.7 million CNY (44.5%) for inpatient visits.
As shown in Table 2 , the median type 2 diabetes mellitusrelated annual DMC per patient was 1,067 CNY (with a mean of 2,926). The median inpatient cost was 7,114 CNY (with a mean of 14,034) compared with the median outpatient cost of 969 CNY (with a mean of 1,634). The total expenditures for patients with different insurance coverage were not statistically significantly different (P = 0.463). However, compared with those enrolled in URBMI, the total cost of inpatient admissions for those enrolled in UEBMI was significantly higher (P = 0.017), whereas that for outpatient visits was lower (P < 0.001). Patients with URBMI also had a significantly higher OOP cost than those with UEBMI for both outpatient and inpatient visits (P < 0.001). For patients with UEBMI, the OOP cost accounted for 22.74 and 30.94% of total costs for inpatient and outpatient visits, respectively. In contrast, for patients with URBMI, the OOP cost accounted for a greater proportion of the total cost: 42.38% of total inpatient expenditures and 48.52% of total outpatient expenditures were paid OOP.
Although the number of patient visits to primary care providers (such as community health centers) was significantly higher than that to hospitals (60.66 vs 38.49%), the total cost incurred at hospitals accounted for 78.06% of type 2 diabetes mellitus-related DMC, compared with 21.51% in primary care. Both total and OOP costs per patient were significantly different among the various levels of healthcare providers (KruskalWallis test, total cost: v 2 = 3291.511; OOP cost: v 2 = 3797.082, P < 0.001). The median per patient total and OOP expenditure for secondary and tertiary care (e.g., hospital outpatient departments) was 3.69-and 4.26-fold higher, respectively, than the median per visit expenditures at primary care providers. Furthermore, the proportion of OOP cost at hospitals was higher than at primary care providers (41.58 vs 35.09%, respectively). The years of type 2 diabetes mellitus duration was positively associated with the increasing expenditure. The median cost for patients with type 2 diabetes mellitus duration of 5-9 and ≥10 years was 1.48-and 2.59-fold, respectively, compared with patients with type 2 diabetes mellitus duration <5 years (Table 2) . Table 3 shows that men had a significantly higher median cost than women for both URBMI and UEBMI (1,131 CNY vs 1,026 CNY for URBMI, and 1,183 CNY vs 866 CNY for UEBMI). Patients with higher education level were more likely to have a higher median cost in URBMI. Furthermore, patients who were farmers had the lowest median cost for URBMI (1,004 CNY), whereas workers with other occupations had the lowest median cost for UEBMI (945 CNY). No statistical significant difference was found for age and income. Table 4 compares the type 2 diabetes mellitus-related DMC overall and for specific categories of expenditures, among patients with or without complications. The DMC of patients with complications was 3.46-fold higher than that of those without complications (3,257 CNY vs 942 CNY at the median, Wilcoxon rank-sum test, Z = 35.096, P < 0.001). The median expenditures in each category for patients with complications were significantly higher than for those without. Notably, with or without complications, pharmaceutical expenditures accounted for the largest share of total cost (79.68 and 51.77%, respectively). In patients without complications, 42.27% of total costs were paid out of pocket, compared with 37.70% among those with complications. The median DMC for a patient with only macrovascular, only microvascular or both macrovascular and microvascular complications were 3.13-, 3.79-fold and 10.95-fold higher than that of patients without complications (Table 2) .
DMC among patients with or without complications
DISCUSSION
The present study evaluated the annual DMC attributable to type 2 diabetes mellitus and its complications according to socioeconomic factors, medical conditions and complications category. The findings provided reliable and valuable evidence for policymakers and managers regarding efficient use of limited healthcare resources for an aging population. The present study found the median of annual type 2 diabetes mellitus-related DMC per patient was 1,067 CNY (with a mean of 2,926 CNY). Previous studies showed that expenditures attributable to diabetes vary drastically by region and national income 1, 15 . In the present study, the average annual DMC was far less than that reported in developed countries, such as the USA (approximately 51,350 CNY for medical expenditures attributed to diabetes per patient) 16 , Germany (mean direct cost, approximately 23,464 CNY) 17 , Singapore (mean DMC, 13,221 CNY) 18 and Korea (mean DMC, 12,604 CNY) 19 , but as much as or more than those in developing countries, such as India (direct medical cost per patient, 1,660 CNY) 20 , Sudan (mean direct cost of diabetes control, 1,138 CNY) 21 and Brazil (median direct cost of diabetes, 1,281 CNY) 22 . However, the average DMC in the present study is somewhat less than previous studies carried out in China. For example, a cross-sectional survey in rural Yunnan Province reported that the median DMC was approximately 3,890 CNY and the mean 5,611 CNY 23 . In addition, a cross-sectional study carried out in four major cities of China estimated that median DMC was 4,800 CNY and mean DMC was 10,164 CNY 24 . However, we found that in Tongxiang, both inpatient and outpatient expenditures were higher than those reported in Yunnan (7,114 CNY vs 3,871 CNY for median inpatient costs; 969 CNY vs 271 CNY for median outpatient costs) 23 . Meanwhile, the Tongxiang inpatient costs were less than the inpatient costs reported in four major cities of China (7,114 CNY vs 9,897 CNY median spending), whereas the outpatient costs were higher (969 CNY vs 244 CNY) 24 . This pattern of differences is consistent with the relative differences in per capita living standards of the three sampled populations, because Tongxiang's economy is better than Yunnan's, but not as good as the major cities of China.
Although comparisons of resource use across countries or regions are difficult because of differences among healthcare systems, cost definitions and methodologies, it is logical that the estimated DMC is slightly smaller in the present study.
First, most previous studies were based on self-reported questionnaires, which might produce recall bias. This electronic system-based study made it possible to estimate the costs more precisely. Second, our population-based study features a relatively large sample size with a smaller proportion of hospital admissions. By contrast, the previous, hospital-based study includes a greater proportion of severely ill patients. Third, primary care providers encompass several services funded by per capita public health spending for managing patients, including normally four free blood glucose tests and one free physical examination every year. Furthermore, the majority of patients in Tongxiang are farmers, and most of these patients received diabetes treatment and related health services at community clinics that cost less than similar services provided at urban hospitals.
Among the type 2 diabetes mellitus-related DMC, 55.5% was incurred during outpatient visits and 44.5% incurred during inpatient admissions. Regarding the specific components of expenditure, pharmaceuticals accounted for 79.68% of the DMCs for patients without complications and 51.77% for those with complications. In contrast, the Costs of Diabetes in Europe-Type 2 (CODE-2) study 25 in eight European countries attributed the largest portion of medical costs to hospital admissions (55%), with only a small portion accounted for by . However, the present finding is similar to that of a study in Brazil, which found the greatest single category of direct outpatient costs was medications (48.2%) 27 . Similarly, the cost of drugs was reported separately in the majority of studies (65%) in African countries 28 . The present results are also consistent with the pattern reported in a previous study, that in high-income countries, only approximately one-quarter of the medical expenditures for diabetes is for control of blood glucose concentrations, whereas in low-income countries it is roughly half 1 . In the current study, hospital-based care for patients with diabetes absorbed 78.06% of type 2 diabetes mellitus-related DMC. The median total cost and OOP cost for hospital-based care was 3.69-and 4.26-fold higher, respectively, than that for primary care. Diabetes has become a common chronic disease in China; most patients could be better managed within the community, at lower expense, than with hospital-based care, especially at high-priced tertiary hospitals. Therefore, reforms designed to entice patients to community health centers, by reassuring patients about the quality of care and providing incentives for primary care management, hold promise for substantially reducing the increases in resource use associated with the increasing prevalence of diabetes in China, while maintaining or improving the quality of life for these patients.
We found that complications obviously aggravated the economic burden of type 2 diabetes mellitus. In patients with complications, the median DMC was 3.46-fold higher than for patients without complications. The median DMC for a patient with only macrovascular, only microvascular or both macrovascular and microvascular complications were 3.13-, 3.79-and 10.95-fold higher than that of patients without complications This finding is in concordance with a study carried out in the United Arab Emirates, which found that the cost increased 6.4-, 2.2-and 9.4-fold, respectively, with the presence of macrovascular complications, microvascular complications, and both micro-and macrovascular complications 29 . Many previous studies reported that the proportion of macrovascular complications only was less than only microvascular complications 19 , the cost for patients with both macro-and microvascular complications was highest, followed by only macrovascular complications and then only microvascular complications 24 . In contrast, we found patients with macrovascular complications accounted for the greatest proportion of complications, and the median cost for only microvascular was higher than only macrovascular. Similarly, a study in Thailand also showed the median cost for only microvascular complications was higher compared with only macrovascular complications 30 . The difference might be due to the inclusion of patients with stroke and ischemic heart disease sequela, or at related recovery periods, they pay far less than at the onset of macrovascular complications. It also implied that the undiagnosed rate of microvascular complications was high, and that the screen for microvascular complications is necessary in rural China.
On average, 40.23% of annual DMC is paid OOP. For patients with URBMI, OOP costs accounted for a higher proportion of DMC than for those with UEBMI (46.28 vs 25.71%). Furthermore, the proportion of OOP expenses is higher among outpatient costs than inpatient costs (45.14 vs 34.11%). This finding is similar to Wang's study of urban China, which showed 42.1% of annual DMC was OOP payments 24 . Additionally, we found that for patients without complications, 42.27% of total costs were paid OOP, compared with 37.70% for those with complications. By contrast, in urban China, patients with complications paid more OOP than those without (44.6 vs 40.4%) 24 . These differences can be explained by the basic medical insurance benefit packages in China, as exemplified in Tongxiang. UEBMI is more generous than URBMI, and hospital admissions generally have a higher reimbursement ratio than outpatient visits do. Patients with complications often can be severely ill and require hospitalization. Furthermore, some recent policies in Tongxiang (such as diabetes was identified as a special disease covered for inpatient and outpatient services, and catastrophic insurance for high spending) have reduced the OOP costs. The present study had several limitations that should be noted. First, the sample cannot be considered representative of rural China as a whole. We derived the studied individuals from the Tongxiang diabetes management system, and with insurance claims of antidiabetes treatment. Second, we used the first diagnosis listed in the insurance claim to define the primary reason for each inpatient admission or outpatient visit. Therefore, we only imperfectly distinguished the allocation of total expenditures between diabetes-related and non diabetesrelated causes. Third, the URBMI in Tongxiang did not collect the information on self-medication, and the self-medication records in UEBMI were limited. Thus, the present study might underestimate the DMC. Fourth, we defined patients with complications as those who had at least one claim for a complication in the social security system in 2015. This might lead to an underestimation of complications and thus of their associated costs. Finally, we described and compared costs among different categories directly, and the cost ratios might be confounded by potential confounders.
